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1. Introduction 
Induction of hepatic microsomal mixed function 
oxidase and UDPglucuronosyltransferase follow con- 
spicuously different time scales after 3-methylcholan- 
threne, benzpyrene, phenobarbital and DDT admini- 
stration [l-3] , but see also [4] . The extent of 
induction of mixed function oxidase is several fold 
over that of UDPglucuronosyltransferase [l] . 
Chlorpromazine is a potent inducer of mixed function 
oxidase [5] , but failed to induce UDPglucuronosyl- 
transferase [6] . On the other hand, human placental 
aryl hydrocarbon hydroxylase is induced by cigarette 
smoking [7,8] , but UDPglucuronosyltransferase in the 
human place‘nta is evidently independent of the smoking 
of the mother [9] . To study further the interdepen- 
dence of the induction of mixed function oxidase 
and UDPglucuronosyltransferase, rats were given 
chrysene, a potent inducer of aryl hydrocarbon 
hydroxylase [lo] , solely and in combination with 
carbon tetrachloride, a depressor of mixed function 
oxidase [ 11,121 and the activity of aryl hydrocarbon 
hydroxylase and UDPglucuronosyltransferase deter- 
mined. 
Chrysene enhanced aryl hydrocarbon hydroxylase 
activity 15-fold, but failed to affect UDPglucuronosyl- 
transferase. Carbon tetrachloride depressed aryl hydro- 
carbon hydroxylase, both induced and noninduced, 
by about 60 per cent. Carbon tetrachloride caused an 
about 2-fold in vivo activation of UDPglucuronosyl- 
transfirase. 
2. Material and methods 
Microsomes were prepared with the calcium aggre- 
gation method [ 13 ] from the livers of adult male 
Wistar rats (32 in all) as described earlier [ 141. 
Activation of UDPglucuranosyltransferase was 
achieved with the method of Htininen [3,15] by 
treating microsomes with digitonin. The activity 
of aryl hydrocarbon hydroxylase (EC 1. 14. 14. 2) 
was determined using 3,4benzpyrene as the substrate 
[16]. The amount of the cytochrome P-450 (448) 
was estimated with a Unicam SP-800 spectrophoto- 
meter with 91 mmole~~’ cm -’ as the molar 
extinction coefficient [ 171. To determine the activity 
of UDPglucuronosyltransferase (EC 2.4.1. 17) 
p-nitrophenol and 4-methylumbelliferone were used 
as the aglycones [ 181. The microsomal protein con- 
tent was determined with the biuret method [ 191 
with bovine serum albumin as the reference protein. 
Chrysene (1,2kenzophenanthrene) (Koch-Light 
Laboratories, Ltd., Colnbrook, England) was admini- 
stered intraperitoneally (20 mg/kg) as a solution 
(4 mg/ml) in corn oil, carbon tetrachloride (1 ml/kg) 
intragastrically in corn oil (0.2 ml/ml) 24 hr before 
killing the rats. The control rats were given the same 
amount (0.5 ml/kg) corn oil intragastrically. 
3. Results and discussion 
Carbon tetrachloride caused a marked decrease in 
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Table 1 
The effect of carbon tetrachloride (1 ml/kg ig.) and chrysene (20 mg/kg i.p.) on the protein and cytochrome P450 
content and arylhydrocarbon hydroxylase activity of rat liver microsomes harvested with the calcium aggregation 
method. The means and standard errors of the means (SEM) are indicated. 
The number of experiments in parentheses 
Treatment Microsomal protein Cytochrome P450 3,4-Benzpyrene hydroxylated 
mg/g liver nmole/g liver nmole/min/g liver 
Control [ 81 27.8 * 1.8 8.15 + 0.8 0.143 f 0.021 
Carbon tetrachloride [ 81 34.1 i 4.04 2.28 .+ 0.18 0.059 + 0.011 
Chrysene [ 81 29.1 f 2.0 9.07 + 0.53 1.92 i: 0.12 
Carbon tetrachloride 
+ Chrysene [ 71 32.2 f 2.4 2.05 + 0.14 0.611 f 0.118 
the carbon monoxide binding pigment content and Carbon tetrachloride administration to rats produced 
aryl hydrocarbon hydroxylase activity in rat liver a two fold activation of UDPglucuronosyltransferase 
microsomes (table 1). Simultaneously the cytochrome towards both 4-methylumbelliferone and p-nitrophenol 
was changed to a great extent to the inactive P-420 (table 2). Evidently the increase of activity was not 
form, as has also earlier been found [20] , but see due to induction, but to activitation because in the 
also [21]. A decrease in the cytochrome P-450 digitonin treated microsomes a depression of activity 
content and mixed function oxidase after a small was seen instead of activation. The effect of carbon 
CCL, dose has been found to coincide with a protec- tetrachloride thus evidently resembles that of digitonin. 
tion of the animal against the toxic effect of a lethal Carbon tetrachloride did not affect UDPglucuronosyl- 
CCL, intoxication 122,231. The dose of CC14 in transferase, when added to the incubation mixture 
the present study, 1 ml/kg, was somewhat bigger in concentrations up to 8 mmole/ 1 (added in 2 M 
than that needed for the protection effect. The effect ethanol) or up to 170 mmole/l (added in 2.4 M 
of CCL on the amount of the carbon monoxide dimethylsulfoxide, which however itself caused a 
binding pigment and on the aryl hydrocarbon hy- decrease of activity to half the control value). Carbon 
droxylase was about similar both in the control rats tetrachloride causes peroxidation of lipids [24,25] . 
and rats treated simultaneously with chrysene, a This lipid peroxidation might cause an alteration in 
decrease to one third. Thus it seems probable that the the permeability of the microsomal membranes thus 
sensitivity of both cytochrome P-450 and P-448 is explaining the activation seen in the measurable UDP 
similar to carbon tetrachloride (see also [20]). glucuronosyl-transferase activity. On the other hand, 
Table 2 
The effect of carbon tetrachloride (CCL+) and chrysene on the UDPglucuronosyltransferase (4-methylumbelliferone and 
p-nitrophenol) activity of rat liver nonactivated and digitonin activated calcium harvested microsomes as well as on the yield of 
protein in digitonin activated microsomal fraction. Means and standard errors of the means are indicated. 
Number of experiments in parentheses 
Treatment 4-Methylumbelliferone p-Nitrophenol conjugated Protein in digitonin 
conjugated nmole/min/g nmole/min/g treated microsomes 
Nonactivated Digitonin Nonactivated Digitonin mg/g liver 
activated activated 
Control [S] 20.7 f 1.4 198 f 10 9.3 f 1.0 95 f 7 18.6 f 1.6 
(334 181 38.4 * 2.0 173 + 17 24.2 f 2.1 99 * 9 19.0 f 1.9 
Chrysene [S] 23.3 * 1.5 238 f 15 11.1 * 1.0 11157 19.8 f 1.4 
Chrysene + CC14 [ 71 37.9 f 2.4 187 * 11 22.6 z? 1.7 105 * 10 19.6 ? 1.7 
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high concentrations of chloroform activate UDPglu_ 
curonosyltransferase [261, and chloroform is one of 
the metabolites of carbon tetrachloride [27,28]. At- 
tack on membrane lipids by carbon tetrachloride also 
produces fatty acids which are capable of activating 
UDPglucuronosyltransferase in vitro [29] . UDPglu- 
coronosyltransferase has been postulated to lie deep 
in the microsomal membrane [30], a view supported 
by the findings of in vitro activation of the enzyme by 
many membrane perturbating agents (sonication, 
surfactants, organic solvents, dialysis against alkaline 
EDTA, ageing, different enzyme treatments (for 
refs. see [31] many of which simultaneously cause a 
decrease of the activity of the more superficial mixed 
function oxidase. The present data on an in vivo 
activation of UDPglucuronosyltransferase with CC14 
support the concept. 
Chrysene was a potent inducer of the cytochrome 
P-450 and aryl hydrocarbon hydroxylase, in accord 
with an earlier study [lo] . Simultaneously the absorp 
tion maximum of the reduced CO-binding pigment 
shifted from 450 nm to 448 nm, a phenomenon 
peculiar to the induction of monooxygenase by 
polycyclic aromatic hydrocarbons [32,33]. The 
effect of chrysene on UDPghrcuronosyltransferase 
was slight, only a tendence to rise was seen (table 2). 
Even after treating the microsomes with digitonin, 
which reveals latent induction of UDPglucuronosyl- 
transferase after administration of polycyclic hydro- 
carbons [ 141 no induction was seen. It is, however, 
possible that later an induction could have been seen, 
because induction of UDPglucuronosyltransferase is 
slower to appear than that of monooxygenase after 
treating the animal with polycyclic hydrocarbons [l] . 
Another plausible explanation of the failure of chry 
sene to induce UDPglucuronosyltransferase is that 
induction of UDPglucuronosyltransferase is caused 
by metabolic intermediates, not by the parent 
hydrocarbon [l-3,34]‘, and that chrysene does not 
give rise to such intermediates. 
Acknowledgements 
This study has been supported by grants from U.S. 
Public Health Service (AM-0601 8-l 2) and from 
Cancer Foundation of Finland (President Paasikivi 
Foundation for Cancer Research). 
48 
References 
111 
121 
[31 
[41 
151 
161 
[71 
181 
Aitio, A., Vainio, H. and Hlnninen, 0. (1972) FEBS 
Letters 24, 237. 
Vainio, H. (1973) Xenobiotica 3, 715. 
Vainio, H. (1974) Chem.-Biol. Interact., in the press. 
Remmer, H. (1972) Eur. J. Clin. Pharmacol. 5, 116. 
Wattenberg, L. W. and Leong, J. L. (1965) Cancer 
Res. 2.5, 365. 
Aitio, A. (1973) Life Sci. 13, 1705. 
Welch, R. M., Harrison, Y. E., Conney, A. H., Poppers, 
P. J. and Finster, M. (1968) Science 160, 541. 
Nebert, D. W., Winkler, J. and Gelboin, H. V. (1969) _ 
Cancer Res. 29, 1763. 
[9] Aitio, A. (1974) Biochem. Pharmacol., in the press. 
[lo] Amos, J. S., Conney, A. H. and Buu-Hoi, N. B. (1961) 
1111 
1121 
iI31 
[I41 
1151 
1161 
[I71 
[I81 
1191 
[201 
1211 
J. Biol. Chem. 236, 1291. 
Dingell, J. V. and Heimberg, M. (1968) Biochem. 
Pharmacol. 17, 1269. 
Sasame, H. A., Castro, J. A. and Gillette, J. R. (1968) 
Biochem. Pharmacol. 17, 1759. 
Kamath, S. A., Kummerow, F. A. and Narayan, K. A. 
(1971) FEBS Letters 17, 90. 
Vainio, H. and Aitio, A. (1973) Acta Pharmacol. 
Toxicol. 34, 130. 
Harminen, 0. (1968) Ann. Acad. Sci. Fenn. Ser. A 11, 
142, 1. 
Nebert, D. W. and Gelboin, H. V. (1968) J. Biol. Chem. 
243,625O. 
Omura, T. and Sato, R. (1964) J. Biol. Chem. 239, 
2379. 
Aitio, A. (1973) Xenobiotica 3, 13. 
Layne, E. (1957) in: Methods in Enzymology, p. 447 
(Kolowick, S. P. and Kaplan, N. O., eds), Academic 
Press, New York. 
Stripp, B., Hamrick, M. E. and Gillette, J. R. (1972) 
Biochem. Pharmacol. 21, 745. 
Barone, C., Cittadini, A., Galeotti, T. and Terranova, T. 
(1973) Experientia 29, 73. 
[22] Glende, E. A. (1972) Biochem. Pharmacol. 21, 1697. 
[23] Ugazio, G., Koch, R. P. and Recknagel, R. 0. (1972) 
Exp. Mol. Pathol. 16, 281. 
[24] Rao, K. S. and Recknagel, R. 0. (1968) Exp. Mol. 
Pathol. 9, 271. 
[25] Recknagel, R. 0. (1967) Pharmacol. Rev. 19, 145. 
[ 261 Vainio, H. (1974) Acta Pharmacol. Toxicol. In the 
press. 
[27] Butler, T. C. (1961) J. Pharmacol. Exp. Ther. 134, 
311. 
[28] Reiner, O., Athanassopoulos, S., Hellmer, K. H., 
Murray, R. E. and Uehleke, H. (1972) Arch. Toxicol. 
29, 219. 
[29] Puukka, R. and Hinninen, 0. (1972) Int. J. Biochem. 
3, 357. 
[30] H&minen, 0. and Alanen, K. (1966) Biochem. Pharma- 
col. 15, 1465. 
Volume 42, number 1 FEBS LETTERS May 1974 
(311 Vainio, H. (1973) On the topology and synthesis of 
drug-metabolizing enzymes in hepatic endoplasmic 
reticulum, Monistepalvelu, Turku, Finland. 
[32] Sladek, N. E. and Mannering, G. J. (1966) Biochem. 
Biophys. Res. Commun. 24, 668. 
[33] Alvares, A. P., Schilling, G., Levin, W. and Kuntzman, R. 
(1967) Biochem. Biophys. Res. Commun. 29, 521. 
1341 Orrenius, S., Ericsson, J. I_. E. and Ernster, L. (1965) 
J. Cell Biol. 25, 627. 
49 
